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STUDY OF A QUANTUM-NON-DEMOLITION MEASUREMENT SYSTEM 
USING DISPLACEMENT-NOISE-FREE INTERFEROMETER  
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Displacement-noise-free interferometer (DFI) has developed for gravitational-wave (GW) detection free from 
any kind of displacement noise, which limits sensitivity of conventional laser interferometer GW detectors. The 
DFI mechanism can be also applied to quantum radiation pressure noise (RPN) in principle, and thus DFI allows 
ultrasensitive sensing beyond the so-called standard quantum limit. Namely, DFI can be a quantum-non-demo- 
lition (QND) measurement device for GW detection. The goal of this study is to examine the QND characteristics 
by cancelling RPN after observing it. Since not only obtaining the two signals which have same displacement 
information on the mirrors for the DFI system but amplifying the incident laser power to observe RPN are 
required for the experiment, I contrived a new optical design, a bidirectional triangular ring cavity DFI (RC-DFI). 
In this thesis, I introduced superiority of the optical system as compared to Mach-Zehnder type, and furthermore I 
demonstrated length control experiment of the cavity for verifying whether the noise cancellation ability on the 
above optical system will be still confirmed. 
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先述の通り，DFI は重力波検出において QND 特性を有
していることが示唆されている．本研究では，その検証
実験を目指して SQL へのアクセスを可能にする DFI デザ
インを考案した．それが三角共振器を DFI システムに組
み込むリング共振器型 DFI（RC-DFI）である．更に今回，
RC-DFI における雑音相殺能力の確認と RC-DFI 特有の雑
音を評価することを目的として共振器長制御実験を行な
った． 
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共振器⻑制御実験を⾏い，リング共振器に⽣じる雑⾳
（図１３，⾚線）が確認された．MZI 感度（図１３，緑線）
と⽐較すると，ほぼ全観測周波数帯域で感度が悪いこと
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